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© Method for generating graph ical^^odels and computer aided design system. 



©A computer aided design system generates 
graphical models of 2- or 3-dimenslonal objects with 
at least partially variable dimensions, in particular 
mechanical parts. In order to (generate models hav- 
ing a predetermined plurality of structural . elements, 
like ' througli-hbles/ 'etcV being distributed pver the 
model in a predetermined manner, the computer 
aided design system is provided with means for. 
selecting a sufchgroup of design commands cor- 
responding to a structural element of the model. 
After inputting of a replication command, the se- 
lected element is replicated in a predetermined man- 
ner, e.g. distributed either by rotation about ai pre- 
determined center point at predetermined angular 
steps or shifted along linear axes with predetermined 
spacings or scailed at predetermined locations. 
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METHOD FOR GENERATING GRAPHICAL MODELS AND COMPUTER AIDED DESIGN SYSTEM 



This invention relates to a nnethod for generat- 
ing graphical models of 2- or d*dimensionai objects 
with at least partially variable dimensions, in par- 
ticular mechanical parts, in a computer aided de* 
* sign system, comprising a set ..of design com- 
mands. ■ . " f'.y ' ■ 'V, ' 

This invention." ;further, relates to a computer 
aided design system, comprising, at least one user 
input interface, preferably a keyboard and/or a 
graphics tablet, further comprising at least one user 
output interface, preferably a screen with graphics 
capabilities and/or a plotter, and. further, compris- 
ing a digital processor being connected with said 
user input interface and said user output interface, 
and with a program memory containing instructions 
to operate said digital processor. 

A method and a system of the aforementioned 
kind are described in European patent appltcaiion 
88 109 628.3. being prior art in view of Article 54(3) 
EPC. •■■ ■ . y. 

% The afprementibned European patent applica- 
tion 88 109 628.3 of the same applicant discloses 
various details of computer aided design methods 
and systems, and the disclosure of that application 
is herewith incorporated into the .present application 
by reference. 

A computer aided design system is used to 
build graphical models and graph jcal drawings of 
mechanical parts in, an interactive mdde.t i:e. *^tp 
enter a geometry and its dimensions by well-known 
input means such as keyboards, graphic tablets, 
mouses, etc., to show these parts on a high-resolu- 
tJon CRT and finally to plot them. A common 
technique is to enter fix values for the dimensions 
of a mechanical part to be drawn. Still this tech- 
nique has the disadvantage that it is rather uncom- 
fortable to alter the dimensions in a later stage of 
the design process. 

One has, therefore, already tried to build CAD 
systems which allow to enter variable dimensions, 
i.e. to enter a symbolic value or label for certain 
dimensions during the design process and to re- 
place it - in a second step - by an actual dimension 
in order to create the actual part. 

. CAD systems which allow the input of symbolic 
dimensions are particularly important for the cre- 
ation of part families, i.e. of parts with principally 
the same shape, but differing dimensions. They are 
further used for the design of parts, the dimentions 
of which are not yet finally defined. 

The above-mentioned European patent applica- 
tion 88 109 628.3 discusses various prior art meth- 
ods and systems, .e.g. the . method of variant pro- 
gramming, the interactive variant design with se- 
quential calculation of the geometrical points of a 



variant and the interactive variant design with si- 
. multaneous calculation of the geometrical points. 
These prior art techniques are, e.g., described 
in "HP-DESIGN. HP7 98355A. Technical Oescrip- 

5 tion, November 1984". in the.book of .Light. R. and;. 

, Gossard, D.: MODIFICATION OF ' SEbMETRIG: 
MODELS THROUGH VARIATIONAL GEOMETRY. ' 
Computeir Aided Design, Volume 14. July 4. 1982, 
Butterworth & Co. Ltd.. and, further, in a Master 

10 Thesis of Chyz. Q.W. "CONSTRAINT MANAGE- 
MENT FOR CONSTRUCTIVE GEOMETRY", De- 
partment of Mechanical Engineering. MIT, 1985." 
Further prior art computer aided design methods 
and systems are described in an article of Gos- 

fs sard, D.C., R. P. Zuffante and H. Sakurai, entitled , 
"REPRESENTING DIMENSIONS, TOLERANCES. 
AND FEATURES IN MCAE SYSTEMS", published 
in US-2-IEEE Computer Graphics and Applications, 
March 1988. 

20 Considering the disclosure of European patent 
application 88 109 628.3. one can conclude that 
the problem of interactive design with dimensional - 
parameters is adequately solved. However, recent 
progress In desigri methodologies for CAD systems 

25 brought a new aspect to the problem of parametric 
design. More precisely, there is a need for future 
CAD systems supporting the design process with 
high-level form features such as hole patterns, 
hinges, complex through holes, etcv as opposed tp^ 

30 simple geometric primitives tike points, lines, sur- 
faces and elementary bodies. A survey on this 
high>level form feature design is given in a Report 
of J. Shah, entitled •'CURRENT STATUS OF FEA- 
TURES tECHNOLOGY". Report No. R-88-GM- 

35 04.1 , CAD-I Computer Aided Manufacturing Interna- . 
tional. Arlington, TX. 1988. 

It is. therefore, an object of the present inven- 
tion to make CAD systems more intelligent with 
respect to the support of design decisions, particu- 

40 larly by providing an interactive generation of para- 
metric designs with structural parameters in addi- 
tion to dimensional parameters. 

According to the method, explained at the out- 
set, this object is achieved by the steps of 

45 - selecting a subgroup of geometric elements or of 
design commands therefore corresponding to a 
structural element of said model; 
• inputting a replication command; 

- replicating said design commands to generate a 
50 model being provided with a plurality of said repli- 
cated structural elements. 

According to the system, explained at the out- 
set, the object is achieved in tiiat 

- said user input interface comprises a set of 
design command entry means, preferably keys of 
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said graphic tablet which are logically divided into 
at least two sub-groups 

- in the first sub-group each command being asso- 
ciated with a primary design feature; 

- in the second sub-group each command being 
associated with a replication feature; 

- said program memory contains instructions 

; to select a sub-group of geometric eJements or 
' of design commands therefore corresponding to a 
structural element of said model; 

- to replicate said geometric elements or said 
design commands therefore to provide a model 
being provided with a predetermined plurality of 
said replicated structural elements. 

The invention, therefore, results in a tremen- 
dous effectivity increase in interactive design with 
CAD systems since significantly more particular 
designs can be generated automatically out of a 
generic design. 

In a preferred embodiment of the method ac- 
cording to the invention, said replication command 
comprises a rotation command for arranging said 
•plurality of structural elements in a rotational dis- 
^ . tribution about a predetermined'; center point in 
predetermined angular steps. 

These features have the advantage that rota- 
tional parts like wheels, etc. may be easily modi- 
fied in an interactive manner by increasing the 
number of e.g. eccentric gaps, mounting holes, etc. 
by just distributing a predetermined plurality of the 
, aforementioned elements about an inner or outer 
'•periphery of the wheel without the necessity of 
entirely redesigning any of these variants. 

In another similar embodiment of the method 
according to the invention, said replication com- 
mand comprises a shift command for arranging the 
plurality of structural elements in a linear distribu- 
tion alpng a predetermined axis in predetermined 
spacings. Preferably, said axis is a horizontal or 
vertical axis. 

Again, these features offer the advantage to 
easily modify a model having larger dimensions 
either in a horizontal or vertical direction by in- 
creasing the number of e.g. through-holes or gaps, 
possibly according to certain design rules in an 
automatic way. 

Still according to another similar preferred em- 
bodiment of the invention, said replication com- 
mand comprises a scaling command for arranging 
said plurality of structural elements in a predeter- 
mined distribution at predetermined locations in 
predetermined scalings. 

These features, too, offer the advantage of 
easily modifying a given model by distributing the 
aforementioned structural elements in different 
scalings at any conceivable locations. 

According to further preferred embodiments of 
the method according to the invention, design com- 
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mands are executed either in a fixed mode in 

which the number of reQlicaiions to be performed 
as well as their locations are fixed, or in a variable 
mode in which the number of replications to be 
performed as well ais their locations are given as 
variables, or a combination thereof. 

These features known per se from the above- 
-mentioned, European patent application 88 109 
628.3 offer the advantage ^to. either simplify the 
method by predetermining fixed values or by offer- 
ing additional design perspectives in that the repli- 
cation mode is made variable. 

Seen as a whole, the method and the system 
according to the invention offer substantial advan- 
tages to the user by saving time for complex 
construction objects. This stems from the invented 
principle of interactive generation of a generic de- 
sign with unlimited (variable) numbers of structural 
elements as well as variable positions of such 
elements. 

In a given example of a wheel with a predeter^ 
mined number of gaps, as will be described below 
in connection with the drawings, a comparison was 
ffiade with prior art techniques. In order to program 
the aforementioned example in a high-level lan- 
guage, a medium-experienced user typically would 
need about 4 hours. With an interactive dimension- 
driven CAD system based on prior art technology, 
this example cannot be carried out at all, because 
the maximum number of eccentric holes that might 
appear in practice later on is not known at the time 
of doing the master desigri. HowiBver, assuming as- 
an example the maximum number of holes to be 
36, the 36 eccentric holes would have to be de- 
signed explicitly with distinguished dimension vari- 
ables. This then would allow to set parameters to 
zero for an arbitrary number of the designed ec- 
centric gaps and. thus, produce variants with dif- 
ferent numt)ers of gaps. The design time in this 
case, in spite of the limited flexibility of the number 
of gaps - still is about 3 hours. With the method 
and the system according to this invention, the 
complete design takes only about 10 minutes. As 
can be seen, the method and the system according 
to the invention can boost-up the efficiency of a 
parametric design system by orders of magnitudes 
and, thus, save enormous costs in the design 
phase. 

U goes without saying that all of the features, 
discussed hereinbefore or hereinafter, may not only 
be used in the particular combination as described 
but. also, in other combinations, or alone without 
leaving the scope of the present invention. 

The accompanying drawings depict preferred 
embodiments of the present invention. In particular, 
further features and advantages of the invention 
may be apparent in this detailed description. In the 
drawings, 
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Figs. 1 to 3 illustrate how dimensional 
changes refate to the topological structure in prior 
art systems: 

Rgs. 4 to 6 illustrate various . examples of 
structural design changes; 

Rg. 7 . shows a block diagram illustrating the 
' architeclure of a system according to the invention; 

. Fig. a.^hows a flow diagram for a replication 
design command; v 

Fig. 9 shows a design examplia of a wheel 
with eccentric gaps; 

Rgs. 10 and 11 show generic variants of the 
example of Rg, 9. 

Fig. 1A shows a first planar design 10 of es- 
sentially rectangular shape with a gap 11 being 
arranged on the upper margin and having a rectan- 
gular shape, too. The respective dimensions are 
referred to as A, B. and If dimension B is now 
modified into b' as depicted by modified planar 
design 10 in Fig. IB, the configuration may be- 
come unrealistic if b' becomes equal 2 or greater 
than the sum of B and C, as caii clearly be seen in 
Rg. IB at 12. . 

Another example:^of topology consequences as 
a result of dimensional changes Is depicted in Fig. 
• ; 2A with a second planar design 1 3 of rectangular 
u shape being provided with a circular hole 14 at a 
• » distance A from the left margin. If dinnension A is 
modified in A as depicted in Fig. 28 by modified 
planar design 13'. then it may be that the hole 14* 
. is caused to be outside of design 13. 
-u'. - :v' Turniog now 3A.shpws a third 

planar design 15 with a gap 16 similar to gap 11 of 
, ; Fig. 1 A and with same dimensions A, B, and C. 

If dimension b' is modified as shown in Fig. 3B 
with modified planar design 15 . implicit constraints 
and dimensions are now in contradiction to topol- 
ogy, as shown at 17 in Rg. SB/if the bottom line of 
third planar design 15 or 15* , respectively, is made 
of fixed length instead of interconnecting two giveii 
points. 

Frequently, functional requirements for a de- 
sign do not only determine the dimensions of a 
geonnetric design but also the structure of a design. 
In these cases, structural as well as dimensional 
parameters are needed to describe the design. 

Rg. 4A and 4B show a first example of a fourth 
planar design 20 and 20'. respectively, where un- 
modified planar design 20 is provided with four 
holes 21, distributed along a quadrangle. 

Modified planar design 20' of Fig. 48 instead 
shows six holes 21 as may be the case when 
through-holes in a plate (for fixture) depend on the 
size of the plate. 

A second example is shown in Figs. 5 A and 
5B, respectively, with a spring 22 in Fig. 5A of 
length L being modified into spring 22' of Fig. 5B 
with modified length l', if the number of windings 
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Of the Spring 22. 22* depends on the specific load 
requirements. 

A third example is shown in Rgs. 6A and 6B. 
respectively, with a fifth planar design having a 
5 circular set of thread holes as is the case e.g. in a 
gear-box dependent on the fastening configuration 
in the assembly. 

Whereas three circularly distrit),ut(5d holes, 24 
are used in planar design 23 of Rg. 6 A. six such 

70 circularly distributed holes 24' are used In modified 
planar design 23 of Rg. 6B. 

With prior art systems in the cases of Rgs. 4 
through 6. all particular designs either needed to 
be designed explicitly or a program had to be , 

76 written by the user ttiat captures the generic design 
and generates the particular design according to 
input parameters. 

The employment of interactive dimension- 
driven CAD systems that only support the design 

20 with dimensional parameters Is rather awkward and . 
only possible in some special cases. It would re- 
quire that the master model covers the most com- 
plex structural configuration. For the generation of 
variants, dimensions of unwanted structural ele- . 

25 ments will need to be set to zero. It is obvious that ; 
the explicit design of the most complex situation is 
rather time-consuming. However, an eyen bigger 
problem is the fact that often the,.rn.aximum struc- 
ture is not known up-front at ail. 

30 According to the present invention, a new . 
method and system is used that supports the de- 

sign off dimensional as- well as structural varia^ In , . , 

a graphically interactive manner. The architecture 
of a system based on this method is shown in Rg. 

35 7. 

The method and system according to the 
present invention employs two main sets of design 
commands. As identified in Rg. 7 by reference 
numerals 30 and 31, the invention employs primary 

40 design commands as well as replication design 
commands. Both commands may be inputted into 
a 'computer aided design system according to the 
present invention by means of an user input inter- 
face. e.g. a conventional keyboard and/or a graph- 

45 ICS tablet. For the purpose of the present example, 
it may be assumed that it Is a graphics tablet. 

The graphics tablet comprises a set of keys 
which are used to enter design commands, 1.6. by 
pressing an appropriate pen on predefined areas of 

so the graphics tablet. Other keys may be used for 
further functions, e.g. HELP, PLOT, etc., as de- 
scribed in further detail In co-pending European 
patent application 88 109 626.3. 

In the present invention, the primary design 

55 commands support the initial design of geometric 
elements. These commands are comparable to the 
design commands, as explained in further detail in 
co-pending European patent applicationi 88 109 

4 
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628.3. They can be divided into two sub-classes, 
one that relates implicit dimensional constraints 
(e.g. LINE_HORIZONTAU LINE VERTICAL. 
L!NE_PARALlEL. etc.) to the command, and an- 
other one that does not impose any implicit dimen- 
sional constraints by the use of a command (e.g. 
LINE_BETWEEN_TWO_POINTS). All of the 
commands in both sub-classes can be executed .in s 
. the modes FIX. FLEXIBLE, or VARIABLE, as iden-' 
tified by reference numerals 32 and 33 in Fig. 7. Ip^. 
FIX mode, the command will generate a geometric 
element with fixed dimensions. The VARIABLE 
mode associates variables to the dimensions of the 
created elements. Variables with consecutive in- 
dices can be generated automaticaliy at the time of 
performing a primary design command In VARI- 
ABLE mode. Eventually, the FLEXIBLE mode gen- 
erates elements that fit between two existing points 
(as e.g. was not the case In the representation of 
Rg. 3B). In this case, the dimensions are deter- 
mined implicitly. 

The replication design commands, as repre- 
sented by reference numeral 31 in Fig. 7, on the 
other hand, are used to design geometric elements 
or groups of elements that have multiple occur- 
rences in the design. Examples of replication de- . 
sign comands are: 

ROTATE: This command generates multiple copies 
of a set of seiecte(f geometric elements and places 
them in a circular configuration with specified an- 
gles and distances from a center point 
COPY_HORrzONTAL: This ' command generates ^ 
multiple copies of a selected set of geometric 
and/or annotation elements with specified distances 
along a horizontal direction. 
COPY__VERTICAL: In an analogous way this com- 
mand generates multiple copies- in a vertical direc- 
tion. It goes, however, without saying that the direc- 
tion of shifting multiple copies of the selected set 
of elements may also be other than 90 degrees or 
d degrees with respect to the horizontal or vertical 
axis, respectively. 

SCALE: performs the generation of multiple scaled 
copies of selected geometric elements at specific 
locations. 

The replication design commands can be ex- 
ecuted either in a FIX mode or a VARIABLE mode, 
as can be seen at reference numeral 33 In Fig. 7 
and similar to the primary design commands at 32 
in Fig. 7. In the FIX mode, the number of replica- 
tions that are being performed by the command 
are fixed as well as the positions for the generated 
replications. In VARIABLE mode, variables are gen- 
erated and associated to the number of replications 
as well as to the position parameters. Of course, 
mixed modes could also be supported. 

During a design session, all design commands 
used are sent as input to a construction plan gen- 



erator 34. The construction plan generator 34 is a 
program that generates a generic design as an 
output. This generic design consists of a sequence 
of design commands where repeat factors and all 

5 geometric points are stored using variables. This 
also includes points of geometric elehnents that 
have been generated in FIX mode since FIX mode 
, only imposes fixed dimensions to elements but not 

■ * fixed; locations. 

70 ' ' From a generic design, variants can be ger?- 
erated through a variants processor 35 according 
to specific parameter values. The variants proces- 
sor^. 35 essentially consists, of routines that are 
already existing in conventional CAD systems. It 

is replaces the variables by the actual values as in- 
putted at 36 and performs a sequence of elemen- 
tary design commands. The production of variants 
is very fast, because the construction plan Includes 
the complete set of necessary operations in the 

20 proper sequence. In fact, the generation of a vari- 
ant is done in about the time an infinitely, fast user 
would need to input the design. 

The 'Br\X\Te set of data generated are now 
stored as model data 37 In Fig. 7 and are. -in 

25 parallel, fed to an interface 38 for representing the 
generated design on a display 39. e.g. a graphic ^ 
CRT or may be printed out on a conventional 
' plotter 40. 

Fig. 8 Is a simplified representation of a flow 

JO diagram for a replication design command on the 
example of ROTATE. After inputting the replication 
• * . command which may comprise one ormore repli- 
cation functions, and selecting the VARIABLE or 
FIX mode, the various replication design functions 

35 may be selected like MOVE_HOR, MOV_VER. 
SCALE, or inter alia. ROTATE. In the latter case, a 
REPEAT_FACTOR is to be selected representing 
the number of copies which are to be arranged 
about a common CENTER POiNT. each at a pre- 

40 determined ANGLE, the latter being also com- 
mands which are to be inputted in order to periom 
the ROTATE replication design command. 

Of course, the selection of FIX or VARIABLE 
mode could be done also for each replication de- 

45 sign command separately. Commands that perform 
similar operations to the above described replica- 
tion design commands in FIX mode already exist in 
conventional CAD systems. However, they do not 
impose any implicit constraints to the created data 

50 and do not provide the possibility to change any 
parameters after being used. Therefore, they are of 
no use for interactive structural and dimensional 
parametric design. The similarity of existing com- 
mands for rigid design makes a parametric system 

55 based on the proposed method very easy to use 
and learn, particularly for users that are already 
familiar with a conventional CAD system. 

Fig. 9 shows an example to demonstrate the 
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design according to the method and system of the 
present Invention step by step on the example of a 
wheel 45. 

First, a center hole 50 and an outer contour 51 
of the wheel 45 are created using primary design 
commands in VARIABLE mode. The corresponding 
. variable radii are Ri and Ra. 

In the next step, an eccentric gap 52/1 is 
designed in the wheel 45. The complete design will 
include ain,^arbjtrary nuniber of such eccentric gaps 
52. placed at locations with a given but variable 
offset to the center. However, one explicitly de- 
signs only , the first gap 52.1 and then use the 
replication design comrriand ROTATE to create! a 
variable number of. say^ two replications 52;'2. 52^ 
at locations defined by a location parameter. 

As a preparation for the creation of the geome- 
try elements for the first gap 52'! . one designs a 
construction circle 53 with radius R3 concentric to 
the outer contour 51 with radius Ri.' 

Construction geometry elements are unbound . 
lines and are created using primary design com- 
mands. They are shown as dotted lines in Fig. 9. 
Then, two straight construction ' lines 54, 55 with 
angles Ai and Ai + A_DEL in respect to a horizon- 
tal plane 56. 1 , • 

Now, construction circles 66, 57» and 58 are 
drawn to support the variable fillet radii Ri and Rs. 
These construction circles 56 through 58 are 
placed tangential to the before generated construc- 
tion elements 53, 54. and 55. After the placement 
, of the construction elements 53 through .58. arid 
OVERDRAW command to draw the contour of the 
eccentric gap 52 based on the construction line of 
elements 53 through 58 is used. The lines created 
with the OVERDRAW command are determined by 
the intersection points of the construction lines of 
elements 53 through 58. Therefore, they are stored 
as flexible lines. 

In the next step, the replication design com- 
mand ROTATE is performed. In more detail, this 
command Is perfomned with the following inputs 
(c.f. Rg.8): 

- REPUCATION 

- VARIABLE 

- ROTATE, repeat factor 
CENTER, fix point, angle 

• SELECT, elements 

The expressions in capital letters hereby de- 
note command keystrokes, whereas the attributes 
attached and separated by commas are additional 
inputs, needed to specify the action. The value for 
the repeat factor variable has been choosen to be 
three in the generic design. As a result, we now 
have the design complete as it is shown in Rg. 9. 
The parameters that have been created during the 
above described interactive design session are: . 

• dimensional parameters: Ri, R^, R3. R&. Ai, 
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A_DEL 

Structural parameters: Ni. RAi 
where Ni is the number of replications (including 
the first generated design) and RAi Is the angle of 
5 rotation between the first generated design and the 
second, copied design and. consecutively, any fur- 
ther copied design. 

Rg. 9, further, shows Interactive graphic ele- 
ments, namely constraint icons foi' indicating con- 
70 straints as e.g. indicating tharouter contour 51 and 
construction circle 53 are concentric and that the 
contour of eccentric gaps . 52 have to fit between 
connection points (of construction elements 53 
through 58). These icons are placed automatically 
75 as a graphical feedback for the user about the. 
imposed constraints. 

Rgs. 10 and 11 show to variants of the design 
for given sets of parameters. 
. In Rg. 10. a wheel 60 is provided with two 
20 eccentric gaps 61/1 and 61/2. respectively, with the 
parameters specified on the right margin of Rg. 10. 

In contrast a wheel 65 is provided with eight 
eccentric gaps 70/1 through 70/8 with the' dimen- . 
stonal and: structural parameters as. also speciried 
25 on the right marigin of Rg. 11. 

It goes without saying, that "geonrietric" or 
"geometric element" in the sense of this applica- 
tion comprises elementary geometric elernents like 
dots, lines, circles, etc. as well as annotations like 
30 hatchings, alphanumeric symt)ols, words, surface 
quality symbols, etc. 

Claims 

1. Method for generating graphical models of 
2- or 3-dimensional objects with at least partially 
variable dimensions, in particular mechanical parts, 
in a computer aided design system, comprising a 

40 set of design commands, characterized by the 
steps of: 

(1.1) sel6icting a sub-group of geometric ele- 
ments or of design commands therefore corre- 
sponding to a structural element of said model; 
45 (1 .2) inputting a replication command; 

(1.3) replicating the design commands to 
generate a model being provided with a plurality of 
said replicated structural elements. 

2. The method of claim 1 , characterized in that 
50 said replication command comprises a rotation 

command for anranging said plurality ol structural 
elements in a rotational distribution about a pre- 
determined center point in predetermined angular 
steps. - 

55 3. The method of claim 1 or 2. characterized in 
that said replication command comprises a shift 
command for arranging said plurality of structural 
elements in a linear distribution along a predeter- 

6 
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mined axis in predetermined spacings. 

4. The method of claim 3, characterized in that 
said axis is a horizontal or a vertical axis. 

5. The method of claim 1. characterized in that 

. said replication command comprises a scaling s 
command for arranging said plurality of structural 
elements in a predetermined distribution at pre- 
determined, locations in predeterrnined scalings. , 

6. The method of any of clairns ,1 .through 5, 
characterized in that said design commands are to 
executed in a fixed mode in which the. r}umber of. 
replications to be performed as well as their loca- 
tions are fixed. 

7. The method of any of claims 1 through 5. ^ 
characterized in that said design commands are is 
executed in a variable mode in which the number 

of replications to be performed as well as their 
locations are given as variables. 

8. Computer aided design system comprising: 

(8.1) at least one user Input interface (30. 31), 20 
preferably a keyboard and/or a graphics tablet; 

(8.2) at least one user output interface, preferably a 
screen (31) with graphics capabilities and/or a plot- 
ter (40); ... . 

(8.3) a digital processor (34. 35) being connected '25 
with said user input interface (30. 31) and said user . 
output interface (39, 40) and. with a program mem- 
ory containing instructions to operate said digital 
processor (34» 35); 

characterized in that. 30 . 

(8.4) said^user input interface (30, 31) comprises a 
set of design command entry means, preferat>ly 
keys of said grajshic tablet which, are logically di- 
vided into at least two sub-groups 

(8.4.1) in the first sub-group each command being as 
associated with a primary design feature; 

(8.4.2) . in the second sub-group each command 
being associated with a replication feature; 

(8.5) said program memory contains instructions 

(8.5.1) to select a sub-group of geometric elements 40 
or of design commands therefore corresponding to 

a structural element of said model; 

(8.5.2) to replicate said geometric elements or said 
design commands therefore to generate a model 
being provided with a predetermined plurality of 45 
said replicated structural elements. 
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